Sorgaab, an aqueous extract of sorghum leaves was applied to probe the modulation in growth and physiological attributes of maize under drought in lab and greenhouse studies. Sorgaab soaked seeds (10 dilutions) were germinated to assess drought tolerance at germination and seedling growth stages. More concentrated Sorgaab solutions (2 mL•L −1 ) were damaging, while lower concentration in the range of 0.75 to 1.5 mL•L −1 improved the root and shoot growth of maize under drought. Applied drought stress decreased chlorophyll b greater than chlorophyll a that improved the chl a/b ratio. Application of Sorgaab also improved the internal CO 2 assimilation, which increased the net photosynthesis and A/E ratio of drought affected plants. Soluble phenolics and anthocyanins were also more increased in plant receiving Sorgaab under drought than control. Although greater concentrations of phenolic acids inhibit the uptake of ions, but its lower concentrations stimulate the uptake of K + , Ca 2+ , NO 3 , PO 4 . In conclusion, although high concentrations of Sorgaab reduced the growth of plants, it might alleviate the adverse effects of drought, if applied at the low concentration. Dilute concentrations of Sorgaab can be utilized as a natural source for improving drought resistance in maize both at germination and later growth stages.
act as osmoprotectants and antioxidants under stresses [1] . Variation in the concentrations of phenolic acids has a pivotal role in plants survival. Recent researches have revealed that external applications of phenolic compounds help plants to cope with these environmental fluctuations [2] . In nature, phenolic acids are part of allelochemicals that are produced by the plants against pathogens and mineral competition among plant species [3] . Nowadays, researches are carried out to find out the concentrations of naturally occurred phenolic acids (allelochemicals) that will prove to be beneficial for plant protection and make their survival possible under drastic conditions. Water extract from sorghum residues has the inhibitory effect on germination and reduced growth of corn (Zea mays L.) and wheat [4] . According to [5] , reduction in growth and yield was probably due to phenolic acids which were the characteristic components of sorghum allelopathy.
The allelopathic sorghum has been manipulated for weed suppression in wheat [6] . Sorgaab is an allelopathic plant extract obtained from sorghum. It has been successfully used as foliar spray to eliminate weeds from fields of wheat [7] and soybean [8] . The chemical analysis of Sorgaab has revealed that it contains the high amount of phenolic compounds [9] . Several researchers showed that germination and growth inhibition in crops were due to the allelopathic effect of water extracts of various weeds [10] . Recently, it has been shown that phenolic compounds, among the plants secondary metabolites, are effective in conferring tolerance to abiotic stresses [11] [12] . Various strategies can be adopted to overcome the adverse effects of these environmental factors. Such one approach may be the use of different dilutions of Sorgaab, an allelopathic water extract of sorghum leaves.
Maize (Zea mays L.), a multipurpose crop, is the rich source of proteins, carbohydrates, oils and general human consumption. In Pakistan, average grain yield of maize is very low i.e. 1865 kg•ha −1 [13] , in spite of increasing demand of food and fodder and the better production technology. This decrease is due to the exposure of maize to multiple abiotic stresses at critical growth stages.
The presence of phenolic acids (Sorgaab) and water stress have the synergistic effect on the growth of crops. The earlier studies reported the allelopathic effect of high doses of water extracts on agricultural crops in unstressed conditions.
There is no report on combined impact of allelopathy and abiotic stresses on growing plants. Abiotic stress adversely affects the growth and development of crop plants but how it interacts with allelochemicals has not been studied yet.
This experiment was planned to examine the potential of diluted concentrations (foliar application) of Sorgaab (allelopathic water extract of sorghum) as growth regulator on growth and nutrients uptake of maize seedlings under control and drought conditions.
Materials and Methods
The present study was conducted to determine the responses in Maize (Zea cates for each concentration and one set of three replicates were kept unsprayed for both treatments. Then half of the pots were supplied daily with normal irrigation water while other half were given dry down treatment to 50% of the field capacity of the soil in order to induce water stress. After 15 days of growth under drought condition, the gas exchanges attributes were measured then the plants were harvested and data was recorded in triplicate.
Data was statistically analyzed using CoStat and LSD Test for comparison of means. The graphical presentation was done using MS-Excel.
Results

Effect of Sorgaab Alone
Effect of allelochemical extract of sorghum studied on the growth attributes as shown in Figure 
Interactive Effect of Sorgaab and Water Stress
Both the treatments had significant interactive effect on maize growth as rep- Anthocyanins and phenolics were markedly increased at highest dilutions of Sorgaab and stress together as presented in Figure 4 . Drought produced little MDA with lower concentrations of extract than higher ones and unsprayed 
Discussion
Drought is perhaps the most threatening factor in crop production all over the world. In the event of water scarcity, the physiological functions of plants are seriously affected, and in certain cases plant death is the consequence [14] . Drought tolerance in plants is a cost-intensive phenomenon and taxes a substantial share of plant resources [14] . The determinations made for the growth attributes revealed that under control condition, the foliar application of various aqueous dilutions of Sorgaab was effective on control as well as on the drought stressed maize plants.
It was noted that out of a range of foliar applied Sorgaab dilutions, 1.00 to 1.75 mL•L −1 were highly effective in improving the shoot and root length, their fresh and dry weight, stem diameter, internodal length, number and area of leaves per plant. [20] reported that allelochemicals from velvetbean (Mucuna pruriens)
were effective in improving the growth of rice and corn-kidney when intercropped. The improvements noted in the growth attributes of maize indicated that foliar application of Sorgaab has the potential to bring some profound physiological changes in the leaves, which enabled the maize to withstand under moderate to high drought spell. The basis of improvements in the maize growth characteristics were explored in terms of changes in the photosynthetic pigments and gas exchange characteristics, oxidative damage and some biochemical parameters and nutritional relationships in leaves of drought stressed maize.
Optimum operation of both light and dark reactions of photosynthesis is important for optimal plant growth [21] , and drought stress severely impairs these phenomena [22] . The results of the present study indicated that foliar application of Sorgaab dilution was greatly effective in enhancing the contents of both the chlorophyll species and 0.5 to 1.5 mL/L dilution of Sorgaab were the most effective in increasing their levels under drought stress. It has been observed that a content of chlorophyll b was greatly damaged as compared to chlorophyll a and their concentration decreased with increased concentration of Sorgaab. The reduced chlorophyll content by allelochemicals (specifically phenolic acids) was thought to be caused by enhanced chlorophyll degradation by enzyme chloro-phyllase [23] .
The maintenance of photosynthetic machinery functionally is of major importance for drought tolerance. The rapid closure of stomata under stress stops loss of water [24] , CO 2 diffusion into leaf is restricted resulting in loss of net photosynthetic rate [25] . The effect of Sorgaab dilution on stressed plants showed that net photosynthetic rate, transpiration rate, water use efficiency, substomatal CO 2 level and stomatal conductance was maximum at the range of 1.00 to 1.5 mL•L −1 thus predicting the stimulatory effect of phenolics at lower concentration [26] . It is the major debate of today that decreased photosynthesis under stress is the result of stomatal as well as inhibition of primary photochemical and biochemical processes.
[27] [28] . Water stress damage oxygen evolving complex of photosysten II and its reaction centers [29] .
The relative membrane permeability increases with increase in stress [30] that coincide with the result of experiment for the dilution range from 1.00 to 1.50 mL•L −1 Sorgaab on stressed plants. Anthocyanins increases in drought stressed
Cucumis sativus [31] and Quercus spp. [32] . Plants utilize foliar anthocyanins to reduce evapotranspiration. The stressed plants produced maximum anthocyanins at 0.25 to 0.75 mL•L −1 Sorgaab spray indicating that these concentrations are less effective in overcoming the drought effect.
In nature, plants have its own defense system against environmental stresses by producing antioxidants that scavenge the reactive oxygen species [33] . Various antioxidants were analyzed in respective experiment to examine the effect of drought and Sorgaab. Total free amino acids were found to be two fold higher in drought as compared to control and it increases with increase in concentration of foliar spray of Sorgaab ranging from 1.00 to 2.00 mL•L −1 highest at 1.75
. The increase in free amino acids could contribute to the tolerance of plant to water deficit through an increase in osmotic potential [34] . This higher level may be the result of diminished synthesis of protein or increase in its
breakdown. An increased level of amino acids was reported in sorghum plants from moderate to severe stress [35] . Other oxidants such as H 2 O 2 , and soluble phenolic were found to be greater in drought conditions as compared to control their concentrations were higher at higher Sorgaab dilutions from 1.00 to 2.00 mL•L Roots are the part of plants that first come in direct contact with allelochemicals as most of them are released in the soil [37] . They effect the growth of plants by inhibiting the ions uptake, mainly due to membrane perturbation [38] . The reduced nitrate uptake in maize seedlings at higher concentration of p-coumaric, ferulic acid and trans-cinnamic acid, however lower concentration of caffeic acid enhanced nitrate uptake [39] . The present study also revealed that at dilutions of 0.75 to 1.75 mL•L −1 Sorgaab, greater NO 3 , PO 4 , Ca 2+ , K + uptake as compared to higher concentrations. There are many other reports [38] indicated the greater inhibition of ion uptake by phenolic acids (cinnamic acid, benzoic acid).
Conclusion
In conclusion, foliar application of diluted concentrations of Sorgaab can be utilized as a natural source for improving drought resistance in maize.
